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MnaH nekuuun

1) lluHenHan perpeccus B criy4yae CTOXaCTUYECKUX

perpeccopoB

2) O6o06LwWweHne Teopemsbl Naycca-MapkoBa Ha crniyyaun

CTOXaCTU4YECKUX perpeccopos

3) NMpobnema 3HAOreHHOCTU, HECOCTOATESNIbHOCTb OLLEHOK

MHK

4) MeToa MHCTPYMEHTaNbHbIX MePeMEeHHbIX

5) AByxwaroBbin MHK

6) NpoBepka HeO6XOANMOCTU NCMOJSIb3OBaHUSA

MHCTPYMEHTOB, TecTbl XaycmaHa u By-XaycmaHa.
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Teopema Naycca-MapkoBa

dopmMynupoBKa TeopemMbl Npy AeTepMUHUPOBaAHHON
maTtpuue X

Moaensb Y = X+ € npaBunbHO cneundpuumpoBaHa,

X — AeTepMMHUpPOBaAHHasA MaTpuLa NOSIHOMO paHra,
E(¢)=0

Var(e) = 0.2l

Mpw BbINOMTHEHUU 3TUX NpegnonoxeHun oueHkn MHK
asnsaoTca BLUE.

BA— best, L — linear, U — unbiased, E — estimator,

,BOLS - HaunyJwune JiIMHeUHble HeCMEeLLEeHHbIe OLeHKM.
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OcnabneHue ycnoBumn teopembl Naycca-MapkoBa

Moaenb Y = XB + £ npaBunbHO cneuyudpmnumpoBaHa.

X — cnyyanHasa maTpuua NosIHOro paHra npu nooon
peanu3sauuu X,

E(g|X)=0

Var(g|]X) = 0.2l

lNpu BbINnONHEeHUU 3TNX npeanonoXxeHun oueHkn MHK

asnsaroTca BLUE.



OcnabneHue ycnoBumn teopembl Naycca-MapkoBa

Bonee cnaboe ycnosue: Ecnu

p lim 1 X'e=0=> p lim [}n = [} — COCTOATEIBHOCTD

H—30 : H—>»3C

[loka3aTenbCTBO.

Bos =(X'X)'X'Y=B+(X'X)'X's,
(X'Xj‘lx'g
n

n

pllm IBOLS =,3+p111’n
= g+ p lim (X;Xj_

plim [415]-

n
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NMpobnema 3aHAOreHHOCTHU

Ecnu p hle e (0= p Iim ,3” # [3 — HECOCTOSITE JIbHOCTh
n

—>0 —>©

[loka3aTenbCTBO.

Pos = (X' X)'X'Y =+(X'X) ' X'e,

(X'Xj_l X'e

n n

-

pllm IBAOLS =,3+p111’n
o lrxxY'! . Tx
=p+plim |[£5) | plim [ £

E




UHTYUuunA

N\
Y=ﬂ0+ﬂ1X+€

XT= ¢,
XT1 enununy 7{ Y T[S, eaunul.



anqMHbI BO3HUKHOBEHUA SQHOOINreéHHOCTHU

* [ponylweHHble NepeMeHHble
 OWwKnOKM namepeHus

« OQHOBPEMEHHOCTb

« CamooToop

« Jlarn 3aBMCUMBbIX NepeMeHHbIX (BpeMeHHble psiabl)



MponyweHHble NnepeMeHHble

Ipumep:
EARNINGS =0 + B1*EDUCATION +...+¢
IIponyiueHa nepeMeHHass «CIOCOOHOCTH», MOMAAAIOIIAS B

OLIUOKM, 3TA NePeMEHHAsI KOPPeJupYyeT ¢ NepeMeHHOI

EDUCATION



OwnodKn namepeHus

OwunoKn namepeHmnsa B 3aBUCMMON NepeMeHHOU

Y =Y +u,
Y =XB+(s+u),

%

&

,é OCTaCTCsl COCMOAMENbHOU, HO
var(e') = var(e) + var(u) T




OwnodKn namepeHus

OWKnOKN n3mepeHns B He3aBUCUMbIX NEepPeMeHHbIX

X ' =X+V, V — wmarpuna  owubox .
Y= X f+e¢,

I

x5 " "
Y=X B+e, ¢ =¢-Vp,
cov(X ,e )=0

Ouyenxu MHK [ ne saenaiomca  cocmosmensd HulMU .

Mpumep: M.PpugmeH, KpUTUKa ctaHgapTHON (PYHKLUM NOTpedneHus
KakK JIMHEMHOW 3aBMCUMOCTU NoTpebneHnsa ot goxoaa (obwero, a Hapo
OT NOCTOSAAHHOrO, OOLWMN O0XO0A = NOCTOAHHbLIN + NepeMeHHbIN (ownodKa

namepeHus)). CKINOHHOCTb K NOTpebrieHN0 OKa3biBaeTCs 3aBbILUEHHOMN.
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OpoHOBpPEMEHHOCTb

NMpumep. U3 ctatbm N1.306ec, c.5, KBaHTunb, 2007

CHecreMbl OHOBPDEMeHHLIN YPaBHeH

OOBRMIELED (NI HePAPKHTHELE ] perpeccloHLITE AamaTHE He DoIXOANT B CIytae, KODITA [Ieeniei-
HLIE B IpaRodl "TacTH MOJIeT OIpe Qe IS Tes OIHOBPEMeHIEO ¢ SAaRNCHMEIMA Depesei LIy, () maro
ACTO DLIBAET TPVIHO H30aBNTECH OT IOQOOHON BRausionro sasnms . [Tpiee pos soseeT GEITE 3Ho-
HOMHEUMSCKHEE arerdT. NPpHHEMAIOIMEN pelllefiisa oTHOCHTAILEO OGPASOREAHNA HIH VUacTHA Ha PhLIHKEe
Tpyvaa {Card, 1999, 2001 ) win yoranoBTeHie IeH hupsMani B YeaoBHAaX KoHky penignl. Hexoroprae
HOCASI0BEAHNH PACCMAaTPHEART OJHOBPEMEHHOCTE IHEHEl 1 BEIHUTANLL CODOCA Ha DLIHKAaSx ¢ Juds-
dhepeIHPOBANH LA TRGIVETOM TP Aol cTpyrType konkypenimn. IHeporaas noanraxa dhirpsr,
OBYVCIIOBTCHHAN, HATPDHAMED., HCHabTOACMLIME XAaPAaKTeEDHOTHREAKME TOSAPA, TAKHIME KAK HA T Ine
CHEZOK M OONIEHATTNCGHAT LG PERIAMEL, PARCTIOIOEEHEE TOYEH MPOSAX B P YVIHAE [TADaseT AR
POSHITTHON TORrOBTH, HIH 3Ke DEAKINA OO0 CTOPROHL] KOHKEVPERTOR. BEIeT K 3HaorenmnoecTin. PaGora
Berry (1994 ) no Gopele ¢ 3HI0MCHHOCTELR 1I0H B AFPerTPOBAHELIN MOLETAY ¢ BCloTLE30RAanHes -
CTPYVMEHTAILHEY ODEePerMeHHEIY MIHPORG HCIIOCILIVeTCH B atanTapyercs. Hanpmaep, MNewvo (204011 )
OIEHHBAST CTRYETYPHY KD MOSETE CHPOCA B IR DIOEHHS 1718 OTPAcCIIH MNOTOBLIY K VIIOTREOI e
FIepHOBLEIX 3asTpakoR: Berry, Levinsohn & Pakes (1995) n Sudhir (2001) paspabaTbiBarmT MO0
PLIHOMTHOND PABROGESCH C KOHKYPEeHTHRIM HeHOOOPASOEARREM Ha PLIHKE ABTOMOOHAS s accie-
OOBEAHAH NAHOCODATOBARNA HA ARTOMODHIIR H VPOBHA KOoRKYVPpemiian. Cpexsull obsop crpyrR Ty prHEODG
MOOETHPOBAHHAE B MaprReTHAare cogepsuares B Chintagunta, Erdem, Rossi & Wedel (20046).

[MpocTan smMogedh cOpoca B OPeLIOMEeHNSE I OpoIyETa HIH ToOBADS BEITTISIIT CIe IV ORI
Ol

1 I L ) . | al
T = (L) 57 +"p + €f,
gy = (V3" + "y + 7.
[ KOMIIONSHTED BEKTORE :1:‘,.|I FIT0 AR TODRLL, BARAMOINES Ha clIpOC IIH ITORSTSHIe IIoTpebnreTeil,

A HOMOOHCHTL Iy BAINSIOT TOdLES Ha HOBEFeinsa nponssonnrenedi. [Hesa py onpefenseTcs @3
pasercrea Y = y7. Koraa onenmpasTtcon vpasnenne copoca yi = (293 4 ~%pe + 2, measan
npeanorarats, aro Elef|py] = 0. Tak kax pena 1 pemuaHHa CIOpoca ONpee IS ioTes (UTHOBPEMEHHD,
TO ECTE HEHaAGIGTACMLIE OO ITEILHLIE MOKH CIOca IWTH JeficTRHS KOHKYPEeHETOR CORECanT
KPHEYIO CITPOCR BEEPN, 9T0 [P IPpOYUHY DARHEIX | o3HAYACT Gofiies BRICOKYH pPABHOBECHY IO ey, B

ITOR CITY " 1ae MHK pennss Homosib3I0EATE 1 IIOVITVHEHITA OHEAOK TapasiceT OB VA BES S OO .

B 12



CamooTbop

Moumen. N3 ctateu N.96ec. c.4. KrRantTune. 2007

CanmoorGop

IMpoinena cantomiopa B ITAT, KOrmaS I EIITED BRI ParT ool oI oo o oo oSS, B
mpHMep, Marrh sTn Her woenon npodgeoscza | Vella & Verbeel, 1998}, acamrreca wre ser (Aungnst,
Imbieres & Rubin, I906G), oa ocomosmaani Sxopos oKy B2 SRV U, ciibIME el BeC TR, B -
app. Hanparsep, Angrist (10490) pacoaarprBaeT SOssEmme CraTyes seTepasa poifiner 80 Boeraase
HA SO TPARCGTAR, Tl [IOHATE, caeayveT aa opasarenserey CITA gamars o sossrrescariam a8
ECrEROGAS Y I IOTEPED STHAMHEGG JIO00UIEA, BERISEAHEYE oy acbodl o aperem, (opmaee noscoisl Ronpocto
CPABRHRTE VHNTLEIBAS IHIHE CTATYC BETOTMHA ., MOFTOMY SIT0 HHIIHBILTE © A RITTRANT BOCEMOE F OO TS A
S HE TCRPAMCEAHKES CEOPDE MO TYIIET HE BOCHHYE] COTy 3000V, 0 THRKSS MR Sapaiurareacrn G
MEHENT HEIARMCHLEG T Ty olal B APRITIE.

Hamilton & Nickerson (20003) gasor ofiEop SHAOCEHEGDD HFHEATHR PEOEEEH B CTREa TR e cion
BICHEIHCRIEH TS, KOUTH MeHOIHC IR OCy I CTIVERIOT OPTSHICA IO HERGT BRG0P 103 HECHKOIRLKN KO-
KPRV HILINN CTRaTErn e ooy raiiig, A HE CHOBSHHE OECITEHIT I O0IEITA, AHBH0EITTHO STAHHLIE,
CODPARIHE B HHTEPHETS, MOPYT CTRUIATE O NMPOOUieshal canaoTixpa.  UHpees e aHors [y -
THBARE CTATNE DRBAKIT B CETH I, COOCIIRATETLHO, AN IR HHNMANT VUACTHES B OHSTATTH- I aocas,
FHROTHT HA BeOCAiTTRL I OEIasT IFKVITER B BHTEFHOT-MAaraInEax. Fooan 3T aesafomssTaenrare
MHIM EHDYANL RS XAPAKTEPHCTHES IWHNIIHIOT HE DOBEIUHAS B OO, ITPEITIOSTTEHES IU0TH BOCITPRELE T,
TO SEACTE BANEHEH 3THX CHPGITRXY XEPARTERHCTHE HEMPaBIUTEREG [IPIITHCEEAETOR  BCTHUEESOBRH B
paTepreTa. Mosao mpenorroserrs, T 3T MEUTHBTRE. BeorH Gl coled BHEATE HESSEBTC NG (5T TH-
CTOTRD MOCSIEHIS HHTEPHSTA. STH SETOHIH BAMCHED, HANPHELMED. [ CCIeIEEa HITN Periesmi o
HOTITHEer THE TPHOOPETASMONG TOBARA B HATERPHET-MANIHHAN 0 CPABHEHTHY © ODBISTHbmo | «od-
(hnAMTHOBLIMNE | MATAESHHAMIT I O IEVIKES TOBAPH MIPEONsHEODD GEiTE B 3ARBACHAK T OT
HATErO[MOT TOBAPA I NAPEKTEPMCTHR MACLTTHA.

M P e TP Y e TIERCT VR MOTe I O CR RO T PR

= _r":l_.':.I + &)+ € e T e I,
= =5+ e e £ e IT,
rae I e 1T oiksHasayr DA PH O HHBEIE OO TR IE ':IIH.I.EI.'HI}""FJ. HHETERIEET-EN IR SEATE 1L LI !!E'T]-
Bosres KoMK THAR SAllics:

i = =il + dicld + e

ragd; = 1, ecam 2 & I, o\, = 0 & noporeesscs: coavaae. Hz sroil sanmcn mopao, aro , seoaosercs

'ii'llll-'i.']'llﬂii‘l.l-‘i"i [ Ley B R LR b Wt, CTEAITAPTHOS CIPTHHBESHEE HE TIPECTRCT, e TH EI_I':J I'IIJ! -."—' L P [EHC SRR

THEESEHHE HApPVIOTRoTrHS B ITHErEe ITEHHEIY BRIIITE ITRHAEA. Bonese SETHRFELCE O 1] s TERE i'il.\[l!}'iﬂ[ﬁpﬂ

MECGICHTY VEIHATE, Halpsiep, 2 YVella [ 109055
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Yto penatb?

1) MeToA4 MHCTPYMEHTanNbHbIX NepeMeHHbIX (IV),
2) OeyxwaroBbin MHK (2SLS),

3) O606wWeHHbIU MeToa MoMmeHTOB (GMM).



UHCTpyMeHTanbHbIe NepeMeHHbIe

[MapHasa perpeccus: Y = B, + B, X +¢,

[lepeMeHHble Z,,...,Z, Ha3biBalOTCA
MHCTPYMEHTaNnbHbIMN NepeMeHHbIMU (MNKn
MHCTpyMeHTamMu) ansa X, ecnu

1) |cor(X, Z)| >0,i=1,...,L (peneBaHTHOCTb).

Ecnu |cor(X, Z;)|] HeBenuko, TO 3TO cnadbi UHCTPYMEHT,

Ecnu |cor(X, Z))| =1, TO 3TO CUNBbHbLIN UHCTPYMEHT



UHCTpyMeHTanbHbIe NepeMeHHble

2) cor(Z;, €) = 0 (BanngHOCTL)

Bonee cna6oe ycnosue: p lim Z/e =0, i=1,.. L

n— o©



NMpumep 1 MHCTPYMEHTaNbHbIX MePeMeHHbIX

Example

Score= f,+ B,CA+ +¢&,

CA(class attendance is endogenousvariable
Instrumens : Z, —distance fto the University campus,

Z, —transport expenditures



NMpumep 2 MHCTPYMEHTaNbHbIX MePeMEeHHbIX

EARNINGS =0 + p1*EDUCATION + ...+¢

IIponymeHa nepeMeHHasi KCIOCOOHOCTHY, MOMAIA0INAA B
OIIUOKM, 3TA NMepeMEeHHAsA KOpPpeJaupyeT ¢ nepeMeHHOn
EDUCATION,

Nucrpymentsl 1uis nepemennoit EDUCATION:

SM — AJIMTeJBbHOCTh 00yUYeHHUsI MAMbl HHAMBHU/A,

SF — 1M TeJIbHOCTH 00Yy4YeHNs NManbl HHAUBU/A.



NMpumep 3 MHCTPYMEHTaNbHbIX MePeMeHHbIX

NMpocTpaHCTBEHHO-3KOHOMETpUYecKas Moaernb:
Y = pWY + XB + ¢,

W - B3BewuMBawLwana matpuua,
WY — npocTpaHCTBEHHbIU nar 3aBMCUMOMN NepeMeHHOM

(sHporeHHas nepemMmeHHas).

Mprumep B3BelwMBaloLWen maTpmubl:

0 1 0 0
13 0 13 1/3
b2 12
D /2 B2 0

B 19



|{|.\'f3‘\’£‘|l
Iﬂ' Mpumep 3 MHCTPYMEHTaNbHbIX NEepPeMeHHbIX

Mpumep NpocTpaHCTBEHHOro nara:

0 1 0 0Y
/3 0 1/3 13
0 1/2 0 12
L0 12 12 0,

<

\ ([ Y, b
VXY +Y+1)
/2% +X)
\ VAL+E)

S
T

<SS
|

/
£<
NG



NMpumep 3 MHCTPYMEHTaNbHbIX MePeMeHHbIX

NMpocTpaHCTBEHHO-3KOHOMETpUYecKas Moaernb:
Y = pWY + XB + ¢,

WY — npocTpaHCTBEHHbIU nar 3aBUCUMOMN NepeMeHHOM
(sHporeHHas nepemMeHHas).

UHcTpymeHTbl ana WY: X, WX, WX,
Ob6ocHoBaHwue:

(1- pW)Y = XB + ¢,

Y =(1-pW)" (XB +€),

Y= (1+pW + p W2+ ...) (XB + ¢)
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OueHka MHCTPYMEHTAJIbHbIX NMepeMeHHbIX AJiA

KoadphbuumeHTa HaKrnoHa B NapHOM perpeccumn

NapHasa perpeccus: Y = B, + X +¢,

Z - HCTpyMeHT ana X.
cov(Z,Y)

OnpepneneHve. /3 —
Piv cov(Z,X)

JTa oueHKa cocToATernbHa:

A cov(Z,Y) cov(Z,By+ p1X +¢€) cov(Z,¢€)
= "A = = =0+p1+—Fr
cov(Z,X) cov(Z,X) cov(Z,X)

. [N,
B =t COVED) Pl ®
plim fy = f; +p lim oV X) b1+ i = b1
n n
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OueHka MHCTPYMEHTAJIbHbIX NMepeMeHHbIX AJiA

MHOXXEeCTBEHHOM perpeccumu

MHoxecTBeHHanA perpeccus: Y = X + ¢,
Z,,....,L., - UHCTPYMeHTbl ana X,,...,X,.

OueHkKa MHCTPYMeHTanbHbIX NnepemMeHHbIX (IV), ecnu m=k:
By =(ZX)'Z'Y

JTa OLeHKa cocTosiTeNnbHa:

By =(Z'X)1Z'Y = (Z'X)"Z'(XB + &) =

=B+ 1Z'X)In"1Z'¢

plim%Z’?,:O phm ,BAIV = IB
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OByxwarosbiu MHK

MHoxecTBeHHan perpeccus: Y = XB + ¢,
Z,,....,Z., - UHCTpyMeHTbIl Anga X,,...,X,.

OueHka 2-x warosoro MHK (two stage least square)
2SLS estimate (m > k).

15" war: Mpoekuusa X,.... X, B nognpocTpaHcTeo Z,,...,Z
> t7\—1 71

X =Z2(Z7) ZX,

2°% iar:

Y = By + B Xi+... +8 X +€

B=(XX)' XY =(XZ(ZZ)' ZX)' X272y ZY

24



OByxwarosbiu MHK

3apaHue (camocTosiTenbHoe):
NokasaTtb, 4TO ecnu m = Kk, oueHka gyxwarosoro MHK
coBrnagaeT C OUEeHKOU MHCTPYMEeHTalrbHbIX

nepemMeHHbIX.



Hago nu npumeHaTb oueHkun UIM?

Y=XB+¢

Bos =(XX)' XY,

var] Bs]= (XX)‘IX var(Y) X (XX)" =c2(XX)™,
B, =(ZX)'2'7,

var[ 8, 1=(Z'X) " Z' var(Y)Z(Z'X)"

Ecnu Ha camom gene aHAOreHHOCTU HeT, To oueHku IV 6yayT

He3adppeKTUBHbLIMM.

Kak noHsATb, HaAo0 N ucnosb30BaThb OLeHKU IV, 2SLS?
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V=X 0+ X, 0,+e,

(nxk) (nxk,)

X, —MaTtpuia 3K30Ir€HHbIX IEPEMEHHBIX,

X , —MaTpulad BOSMOXKHO SHIOTI'CHHBIX IICPCMCHHBIX.

Z,

- MaTpHUILla MTHCTPYMEHTOB IS X

pasMepanxm, m = k.

/

=[Z,, X, |—MaTpuia Bcex 3K30T€HHbIX [IEPEMEHHBIX.
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TecTt By-XaycmaHa (Wu — Hausman)

H,: X, nmg He KoOppeanpyia,
X, -MaTpulla DSK30T€HHBIX IIEPEMEHHBIX

H,: X1 & Koppeanpyur,
X, -MaTpulla DSHIOTEHHBIX IIEPEMEHHBIX

Tecm By— Xaycmana
lwac: Pecpeccuss ecex nepemennvix uz X, Ha Z:
Xi=2Zy,+v,j=1...k=v,
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TecTt By-XaycmaHa (Wu — Hausman)

2 wae: Pecpeccus

Y=X B +X,0,+yv+...47 v, +&,
Hyeyn=..=y =0

H iy +..+7, >0

2
Cratuctuka Bampma y° (k)
niu F - cratucTuka



Tect XaycmaHa

H,:X,ne HE KOppEeIUPYr =
Pors 2PeKTUBHT 1 COCTOSTEIEHAS,

S, COCTOSITEIIBHAS,
—> pa3HHUILAa MEXKY OLIEHKaMH MaJa.

1 X\1 & KOPPEIUPYIOr,
B ¢ HecocTosiTeN HasA,  [3,, COCTOSITENEHAs
—> pa3HUIIA MEX Y OLICHKAMU BEIUKA.



Tect XaycmaHa

PaBHOCHJIBHBIM TECT XayCMaHa

qd = IBIV _IBOLS>

TecToBag cTaTUCTHUKA :

as

q’(Var(ﬁn/ - BOLS ))_1 q~
q’(Var(lé]V )_ Var(ﬁOLS ))_1 q~X ’ (k)
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